Neutrino Physics is now entering precision era and neutrino-nucleon cross sections are an important ingredient in all neutrino oscillation experiments. Specially, precise knowledge of neutrinonucleon cross sections in Ultra High Energy (UHE) regime (TeV-PeV) is becoming more important now, as several experiments worldwide are going to observe processes involving such UHE neutrinos.
I. INTRODUCTION
Neutrino is one of the most interesting elementary particle that plays an important role in understanding nuclear as well as particle physics. Many properties of this particle have already been measured experimentally, still some of them are yet to be measured. Unknown quantities include mass heirarchy, CP violation phase, nature of neutrinos (whether Majorana or not), exact mass of neutrinos, whether neutrinos contribute to dark matter etc. Many experiments are ongoing/planned all over the world to measure these quantities. In any neutrino oscillation experiment, the neutrino is allowed to scatter off a nucleon/nucleus, and hence precise knowledge of neutrino-nucleon interaction cross section is required to do any analysis. This interaction cross section plays a vital role in different neutrino oscillation experiments at different stages of calculation. Neutrino interactions across various energy scales can be described below [1] : (a) Thresholdless process (E ν ∼ 0 − 1 MeV) When neutrino has zero momentum, such processes occur which include coherent scattering and neutrino capture on radioactive nuclei (enhanced or stimulated beta decay emission). (b) Low energy nuclear process (E ν ∼ 0 − 100 MeV) At such energy scale it is possible to probe the target nucleus at smallest length scales. (c) Intermediate energy process (E ν ∼ 0.1 − 20 GeV) Neutrino-nucleon scattering processes becomes complicated at such energy scale which can be classified mainly as elastic and quasi-elastic (QE) scattering. In such scattering processes neutrino scatters off an entire nucleon giving rise to a nucleon or multiple nucleons from the target nucleus. Charged current neutrino scattering process is referred to as 'quasi-elastic scattering' whereas neutral current scattering is known as 'elastic scattering'. (d) High energy cross sections (E ν ∼ 20 − 500 GeV) Neutrino can resolve the individual quark constituents of the nucleon at such energy scale and this type of scattering is called Deep inelastic scattering (DIS) process. (e) Ultra high energy (UHE) neutrino scattering (E ν ∼ 0.5 TeV −1 EeV) The latest highest energy neutrino recorded so far is ∼ 10 15 eV which provide an opportunity for researchers to work with UHE neutrinos from astrophysical sources [1, 2] . Some of the ongoing/planned experiments for observation of UHE neutrinos from astrophysical sources are Baikal [3] , ANITA [4] , RICE [5] , AMANDA [6] , HiRes [7] , ANTARES [8] , IceCube [9] etc. 
II. NEUTRINO SCATTERING AT UHE REGIME
In DIS, the neutrino scatters off a quark in the nucleon via the exchange of a virtual W or Z boson producing a lepton and a hadronic system in the final state [10] . Both charged current (CC) and neutral current (NC) processes are possible like Figure 1 (a) and in the quarkparton model with elementary Figure 1 (b).
A. DGLAP evolution equation
The QCD improved proton structure function [11] can be written as
where y is the fraction of proton's momentum carried by any of its partons, q(y) = f q (y) is the quark structure function inside the proton, x is the Bjorken variable, Q 2 is the transverse momentum square of exchanged gauge boson and P( x y ) is the splitting function which represents the probability of a quark emitting a gluon and becoming a quark with momentum reduced by a fraction z (where z = x y ) . In QCD, the F 2 structure function is a function of both x and Q 2 , the variation with Q 2 being only logarithmic. The evolution of quark density function q(x, Q 2 ) with x and Q 2 can be expressed as Altarelli-Parisi (AP) equation.
B. Total cross section at UHE
In neutrino-nucleon scattering, for the range of neutrino energies 10 6 GeV ≤ E ν ≤ 10 13 GeV, the value of x lies in the range 10 −2 ≤ x ≤ 10 −9 . The total charged current cross-sections for neutrino-nucleon scattering [12] can be written as
where F ν 2 is the neutrino-nucleon structure function, s = 2mE ν where s is the Mandelstam variable which is the total energy in the centre of mass frame , m is the nucleon mass , G F is the Fermi constant and M 2 ) can be related to electromagnetic structure function,
where n f is the number of flavors and Q q is the quark charge. The neutrino-nucleon scattering process involves scattering of neutrino off quarks as shown in Figure 1(b) . Thus, the knowledge of proton structure function can be utilised in calculation of neutrino-proton scattering cross-section. This idea has been utilised in the present work. In the following section, we discuss the behaviour of F p 2 in DAL (Double Asymptotic Limit) which in turn would be used to calculate neutrino-nucleon scattering cross-section in UHE regime.
III. DOUBLE ASYMPTOTIC LIMIT (DAL) AND UHE NEUTRINO CROSS SECTION
In (e-p) DIS, in the next to leading order, scaling violations occur through gluon bremsstrahlung from quarks and quark pair creation from gluons. At small x < 10 −2 , the latter process dominates the scaling violations. This property can be exploited to extract gluon density from the slope dF2 dlnQ 2 of the proton structure function. The general equations [14] describing the Q 2 evolution of the quark density and gluon density respectively are
where can be ignored safely at small x in AP equation, for F 2 , the equation becomes
Here xg(x, Q 2 ) = G(x, Q 2 ) is the gluon momentum density and g(x, Q 2 ) is the gluon number density of the proton and
Rearranging equation (7) we have
Substituting y = x 1−z we can write RHS of equation (8) as
Expanding G(
2 and keeping terms upto the first derivative of G in the expansion we have
When this expansion is used in equation (8) we get
where
, and B = [
] . In the limit x → 0 equation (11) reduces to
Using the above, double asymptotic expression [14] for F 2 in small x and large Q 2 (DAL) limit, we can write
, n f is the number of flavors, Q 2 0 is the value at which the input parton parameterization is to be used and Λ is the QCD mass scale. F p 2 in equation (13) in DAL can be parametrized as
This behaviour of F p 2 , when used in equation (3) gives
where λ(Q 2 ) = a − b.e (14) and (15) it can be seen that
in low x and high Q 2 regime. Here A is normalisation constant. Further analysis is in progress [15] .
IV. SUMMARY
To summarize, in this work we have utilized the DAL behaviour of proton structure function in calculating the neutrino scattering cross section (see equation (16)). As DAL is applicable in low -x and high Q 2 regime we expect
